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A. Turbulence from Eddies i n  t h e  Plasma Coaxial Accelerator 
The Semi-Annual Report of October 1964 gave a f a i r l y  de t a i l ed  account 
of t h e  probe measurements which del ineate  t h e  Tlasma eddy pa t t e rn  i n  t h e  
coaxial  plasma accelerator .  
of Fluids  E, 745 (1965). 
this work at Ste-vem, has nav cssentiallT; c m p l e t e d  h i s  Ph,D. %hesis on t h i s  
This work a lso  has now appeared i n  t h e  Physics 
E l l i o t  Farber, graduate a s s i s t a n t  associated with 
subject.  H i s  t h e s i s  w i l l  be published as a laboratory report .  
I m a g e  converter photographs have been taken of t h e  operation of a plasma 
coaxial  acce le ra tor ,  where the  outer  conductor i s  made of a screen, simultaneously 
with probe measurements. The photograph and probe measurements show t h a t  t h e  
main current  carrying sheath i s  planar on t h e  f ront  and bullet-shaped on t h e  
rear, and t h a t  t h e  luminosity i n  t h e  rear i s  considerably g r e a t e r  than at t h e  f ron t .  
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Image converter photographs have a l s o  been taken of the  plasma coaxial  
acce le ra tor  (with t h e  w i r e  screen outer conductor) when the  current  sheath 
has l e f t  t h e  end of t h e  inner  conductor, (figure 2) .  
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When t h e  inner  conductor i s  negative the  plasma can be observed t o  leave a 
luminous cone at t h e  end of t h e  center conductor and two o r  three blobs of 
plasma beyond. Then t h e  center  conductor i s  pos i t ive ,  a br ight  luminous 
b a l l  i s  observed at t h e  end surface of t h e  copper inner  conductor, and a 
"luminous plasma-coating'' is observed t o  remain on the  anode, even when t he  
cu r ren t  f r o n t  has passed sevecsl c e n t h e t e r s  beyonil the  end cf' tho center  
conductor. Probe measurements are now i n  y-ogress t o  explore t h i s  region 
bepond t h e  center  conductor. 
Probe measurements are a lso  proceeding on t h e  paral le l -? la te  plasma 
acce lera tor  where image converter photographs i n  hydrogen show c l ea r ly  the  
presence of plasma eddies, ( f igure 3 ) .  
Fig. 3 
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B. Turbulence i n  Plasma Flow over a Dipole 
I 
Some of t h e  experimental results of plasma f l o w  over a magnetic dipole  
are summarized, "Flow of Plasma Around a Magnetic Dipole", which has been 
accepted f o r  publ icat ion i n  t he  Physics of Fluids. 
are reported in t h e  accompanying report ,  
a Model Magnetosphere", W. H. Bostick, H. Byfield and A, Jermakian. 
Master's t h e s i s  has resulted i n  t h e  report  ECOM-2587, "A Study of Ionospheric 
Irregularities and Their Relation t o  Laboratory-Produced Plasma Vortices", 
W. H. Bostick and A. Papayanou. 
Additional results 
"On t h e  In t rus ion  of Plasma I n t o  
A 
A t w o - w i r e  plasma button gun has been f i r e d  i n  t h e  dipole  f i e l d  (i.e. 
near t h e  loop c o i l )  and also i n t o  a coaxial  f ie ld .  
vo r t i ce s  l i ned  up along t h e  magnetic f i e l d  are observed. I n  t h e  case of t h e  
coaxial  f i e l d ,  t h e  plasma t r a j ec to ry  as photographed, i s  def lected away from 
t h e  region of l a r g e r  f ie ld ,  as shown i n  f igure  4. 
In  both cases t h e  columnar 
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C. Production of Individual Plasma Eddies by Means of a Two Wire Button 
P 1 ~ s m ~  G1m Fired i n t o  a Homogeneous Mametic Field 
I Measurements with a battery of double probes have detected clusters 
of rol l ing eddies or vortices traveling across a nomogeneous magnetic f i e l d  
into which has been fired a two-wire button plasma gun4 (figure 5 ) .  
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ON THE INTRUSION OF PLASMA IHTO A MODEL hlACXETOSPfiERE 
0 
W. H. Bostick, 11. Byfield and A.  Jermakian 
Stevens I n s t i t u t e  of Technology, Hoboken, New Jersey 
Various labora tor ies  have 
with a magnetic and 
made models of t h e  Solar  Wind in t e rac t ion  
t h e r e  i s  general  agreement on t h e  gross 
, details of t h i s  i n t e rac t ion ,  e . g . ,  on the snape of tile upstream iiizgiieto- 
spheric boundary, on the  fac tors  determining standoff dis tance,  etc. 
Most experiments a l s o  f ind  t h a t  t he re  is  in t rus ion  of plasma i n t o  t h e  
magnetoqphere (shown by photographs of luminosity within t h e  mzgnetosphere, 
deposi ts  on t h e  terel la  surface,  and probe measurements! so t h a t  plasma 
may be detected ins ide  t h e  magnetosphere on t he  upstream s i d - e  of t h e  
terella,  and a l s o  i n  a t a i l  downstream. Intrusion occurs both with an 
externa l ly  applied mggnetic f i e l d  and without such f ie ld .  The mechanism 
of  in t rus ion  i s  not j r e t  explained. 
We have obtained photographic evidence of f ine  sca l e  s t r u c t u r e  near  
t h e  polar  region which i s  f l u t e  l i k e ,  i n  two d i s t i n c t l y  d i f f e ren t  types 
of dipole  experiment, (both experiments, however, are made without ex terna l  
magnetic f i e l d ) .  
The first type of experiment employs a set of 5 copper button guns 
/cc copper ions ,  moving 14 with 100 joules  of s tored  energy, producing 10  
at 2 x 10 cm/sec f o r  1 2  usee. 
dipole  axis. 
moment of 1.6 x 10 
background pressure FRS 5 x 
6 The guns are 18 cm upstream frm t h e  
The dipole  c o i l  i s  5 cm i n  diameter, with a peak magnetic 
gauss-cm3, and a quarter period of 400 psec. 5 The 
mm IIg. 
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I 
Fig. 1 shows an Abtronics Image Con-mrter photograph looking down on 
t h e  dipole ,  taken a f t e r  the  gun fires w i t h  a 1 psec 
brightness.  The magnetospheric boundary i s  broken i n t o  f lute- l ike streamers. 
The streamers may be observed ( i n  successive shots )  from the  earliest 
photograph at 4 psec i n  which d e t a i l  i s  l o s t  through dimming 
of the  i m a g e .  
constant from shot t o  shot. 
when viewed along t h e  equator ia l  plane because of t h e  geometry. 
exposure a t  m a x i m u m  
t o  one a t  1 4  psec 
Neither t he  pos i t ion  nor t h e  number o f t h e  streamers i s  
This muitipie-streamer s t ruc tu re  is not v i s i b l e  
Fig. 2 shows an idea l i za t ion  of a t h ree  dimensional s t ruc tu re  which 
could give t h e  e f f e c t  seen i n  Fig. 1. Fig. 1 also gives sane evidence of 
t h e  same type of streamers ex i s t ing  inside t h e  magnetosphere as w e l l  as on 
t h e  boundary . 
The second type of experiment i s  not s t r i c t l y  a s o l a r  wind, but i s  
more l i k e  a "Starfish" explosion since t h e  button gun i s  f i r e d  i n  c lose t o  
the  dipole ,  so  t h a t  the  plasloa strew, is s n a l l e r  thnc imy p s s i b l e  magneto- 
spheric  boundary. Here a s ing le  copper Qutton gun with 5 joules  of s to red  
energy is put 8 cm upstream of the dipole axis i n  the  equator ia l  plane. 
"he dipole  c o i l  i s  2.5 cm i n  diameter with a peak magnetic lnament of  
3.8 x 10  
pressure w a s  3 x mm Hg. 
4 
gauss-cm3 and a quarter  period of 350 psec. The background 
Fig. 3 shows a t i m e  in tegra ted  photograph looking down on the  South 
Pole of t h e  co i l .  The streamers may be seen, and appear t o  be affected by 
the  westward E x B drifts. 
The streamers photographed i n  fimres 1 and 3 ase recognized by t h e  
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authors as plasma vor t ices  or eddies, which have been observed already i n  
18 99 several  experiments where plasma proceeds across a magnetic f i e d .  
Plasma eddies appear t o  be generated i n  s i t ua t ions  where t h e r e  i s  i n i t i a l l y  
shear i n  plasma veloci ty  across the  magnetic f ie ld .  
are observed t o  r o t a t e  as r i g i d  bodies (i .e.  with constant w )  and have a 
Generally t h e  eddies 
densi ty  d i s t r ibu t ion  which is  peaked a t  t h e  center  of the  eddy and goes 
t o  e s s e n t i a l l y  zero at the  periphery. Tie edaies generaiiy l i n e  up rith 
t h e  mrzgnetic f i e l d  and in t h e  case of f igures  1 and 3 they l i n e  up with 
t h e  dipole f i e l d  l i nes .  
i 
I In  t h e  case of the  experiment represented by f igures  1 and 3, probe 
measurements of e l e c t r i c  f i e l d  perpendicular t o  B have s t rongly indicated 
the  presence of such eddies. 
Plasma eddies i n  o ther  experiment;' have been observed t o  have been 
created i n  a f r ac t ion  of  a microsecond and t o  endure f o r  scores of micro- 
seczinds. T'he plasma eddies of f i t q r e s  1 and 3 rtre very l i k e l y  t h e  
outgrowth of Rayleigh-Taylor i n s t a b i l i t y  f l u t e s  which occur when t h e  
plasma is  decelerated by t h e  magnetic f i e l d  of the  dipole. Any shear i n  
ve loc i ty  i n  the  growth of the  f l u t e  can be expected t o  produce vort ices .  
*The study w a s  supported by A i r  Force Office of S c i e n t i f i c  Research Grant 
AF-AFOSR-465-65 rind by the  A i r  Force Cambridge Research Laboratories, 
Office of Aerospace Research, under Contract AF 19(628)-2398 and by 
IJASA grant IisG-Sg6 
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Figure Cupticns 
Fig. 1 - Image converter photograph (1 p s e c  exposure time) of t he  polar 
view of plesma flow over a 5-crn-dim. ring dipole. The ba t t e ry  of 5 
copper button e;uns i s  18 cm t o  t he  l e f t  of t h e  co i l .  
s tart  of gun f i r i ng .  
Time 6 Stsec after 
Fig. 2 - Sketch of a possible  s t ruc ture  vhich would provide t h e  e f f e c t  
seen i n  Fig. 1. 
Fig. 3 - Time exposure photograph of the polar  vieu of a s ing le  copper 
button gun f i r i n g  along t he  equator ia l  ?lane i n t o  the magnetic f i e l d  
of a 2.5-a-dim. ring dipole. 
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